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(57) Abstract: The position of a feaWre 
within an image is determined by determirang 
an initial estimate of the feature posiUon to 
within a fiaction of a pixel, translating the 
feamre by an amount equal to that fraction of 
a pixel, determining a farther estimate of the 
translated feature position to within a fraction 
of a pixel and summing the pixel fraction ot 
the previous estimate with the further estimate 
of the position to arrive at a refined estimate 
of the feature position. Moreover, an aircraft 
structure is monitored by attaching an image 
capturing device and a target to the structure, 
by processing the captured images and by 
detecting the movement of the target. 
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1 

^Hod of measuring dimension ""i- """^^ "^"^ 

™p,.m«l.odofm=.3^ ^^,,.„,.tod and appan«.s for monitoring 

^jpaiatus for catiymg out the mtthods, as weu a» 

an aircraft Structure. 

^Uof,e.adesire,o,nom«»««s«-nsordisplac^ent.in«obieawKen,h«obi.« 

etanoal test, or e,»dly the displaconenls of large struct^es such as 
is undergomg a mechanical test, or eq»u.j „„ med to detennine the 

Wding, or bridges nnder appUed loads. Such mom»nng ^^^^^J ^ 

^chanical loads that ma, b. safely applied to a parucuiar ob^ or » 
rLsivedisp..ceme,«s«i*inano«ec.,h.ta«hkely to cause mechamcalS^ 
"rTareiLti^edhrtlmetoa^cor-i^measurcs-drusprevent^u.. 

, of strains in such mechanical tests is termed extensometr, and has 
^ Itrlt b, mechanical or electromechanic^ instruments termed 

^fl^y ^^ToTstl --iP"- such as dial gauges or 

oaeosometHS, or by the us. of stram ga s ^^^..^y used fcr the 

-p-------:rrc "It: — -eh 

:Xf«. necessa. . use a large nam^ of — 

:::r.^tr— ~ ce«a. en^» - 
^ Of such mecham ^^^^^^^ «,viromaeiits. or 

practical, for example in extremely hot ana m v"^ 
environments having chemically corrosive atmospheres. 
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Prior art sv^ms ar, kr^wa *a. umise oap»»d vid« inug« fbr .h. ».as«r=m«. of 

circle o«» ^ing physically anached o«ec. b«ng —-"-^ J"" 

^.n^enceme^ of monitoring. ,.,uirem«. » s»h Mo™ g^«oal f«»^ 

„..a,ge.,«*= o,,e« under... .mi. — 
using such prior art video monitoring systems. 

An area in v*ich i. is b«.eflcia, „ „oni«r *e *.ssea and sttdn, of . s»«c^ i. *« 

l;aceindn.«y. -^^^^^^^^^^^.'^'^'^ 
^ apply .0 .hen, nnder operarional condi^ons. V^.^^ ^ 
Tanalne; calendar age. fligh.eye,.aandfBsh..»».eaohrc.afln.^ 

degra^on mechanisms, ^^^idnal at^raft n»y ha« v«y d.fi^«^^ 
^measaresofage. For ins.ance. a commercial a^ -4 on *o«han^K^^ 
acownula«mgl.cycles,arfas.er*ananid««ic.lairc,^-«aonlo„gha»lrou»s.*ch 

:.y accnmnlMing flish. hou. a. . mu.^ ^'^,'"1"^ 
ael„n.ed for in ^.edesi^ process and m.in«naneeached..« .v^fc-^ 
Th«» main.enance schednlcs acconn. &r a large proporta of U» Duec. Op^«^ 

^OOh-cnrredhy^eopera^rsinorder^d^esaf^yandm^ga^o^.-^^ 

LpiL«:eseMghmaln.enanc.eos«teeh.,ehe.oe^ons»heres««.^^^ 

^i.«Hina to loss oflife and great economic costs. The operators 
tVie airfiame has occurred leadmg to loss oi mc miv* 

theairtramenas „f this would be to cany out maintenance on the 

seek to reduce DOC and one wayof doing this wouia / 
aircraft on an as-required basis rather than to a fixed schedule. 

Toachievethiswithoutdetrimenttosafetyrequiresthatthea^^^ 
monitored so ^ *e condition of the aircraft is known at all tmies. Some ma^ 
Systems such as en^nes, avionics etc.. canbe so monitored. However, momtonng the 
:r rresponse to .ght loads and the condition of the aircraft, strn^^^o. 
aifiicult. Efforts have been made to achieve to aim. and several approaches have b.n 
led Hiese rely on distributing sensors throughout the structures of mterest. 
proposed. These rely to&„nation relating to 

recovering data from these sensors and mterpretmg this data to g 

recovermg oa proposed mclude 

tvip inral and elobal response of flxe airframe, bensors iu» 
:::l:sL.S^gesandd»irop.ic-analo.«.».s«chasB.aggg«.ea..o^^^ 
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^ Whilst these sensors are very effective at reporting local 
accelerometers and other sensors. Whilst these 

conditions ^ey are less successM at .onitoruig the ^^ J^^^,^^,.^, 
^sponse. Equany^to usethese approaches rec^u^esasu^js^^^^^ ^^^^^^^ 

.3d..tearrayo.sensors^.^^^^ 
implications for this approach and makes it pnmaiuy 

aircraft 

determining the position Of a feature wixni the twsition of the feature to . 

ptodity of values to a fiBther fimrtton „ . fl« drtamiMd tumng point 

L «mm>g potat whereby posiSon con«P<m*ng to tt» d.^ 

■;resLposi«oaof*ef^«.»«^'^»-«-°'*''»^- 

^Uo^,.t.co..^o-««^o..^.ev.>»-^-P>---'-^--^^^^^^ 

• w^-nmximity to the determined position 
AddiUonally. the sub-pixel positiops ma, b. m closer P^xmutV 

than the pixel positions. 

. . Wher comprise determining Ihe coordmates of the feature within a 
The method may furfher compnse ^^g^. 
u • ti,.nosition of the further image bemg known relauve 
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. . fi,rther image such that said feature is substantiaUy in 
^perimposing said ^ ^^^^ , 3aid superimposed images, 

registration, and applymg a Super Resolution t h 

I^byanincreasedresolutionrepresentationofsaidfeature^produced. 

• , th. redetermined correlation function may comprise a 
Additionally or alternatively, the predetermme 
normalised greyscale correlation function. 

^.nA determining step and summing step are repeated at 
Preferably, the translating step, second determmmg p 

least once. 

^rfing » . «oo^ -P«t »f "^^^^ cap.^ « leas. ™o 

„,.e o^ec 

first ot the pteseBt invefflon. B«I »ompaimg 
object to detennme aw 'itarasiooal <>ta»8M. 

. ,„fa,e«r.s«ittov»lion<li«eispovidedpositiomngappaiaMs 
Acco^gtoat-^asp^.^*^ ^ ^^^p^devi. 

for d.t«n^ng the posmon ot an ob,«t. tt> W ^ „f 

. provide an in«. e^P ^^llp^i in«^ a«em>ine the 
,.e,s, and . "^J^ITsteps aeling to ^P- of t.e 

position of the object by execunng ui 
present inventioiL 

• ^nnaratus&rflier comprises a monitor arranged to receive and 
Preferably, tiiepositiomng apparatus ftrtn , to select an object witiun 

J ^ux^n^ Qplection means arrangpa xu aci^^wu j 
display tiie captured image and object selection mean* 

display m h selected object to the image processor. 

the displayed image and identify the selectea odj 

* f the present mvention there is provided apparatus for 
According to a fourth aspect of ^e p^nt n ^ ^^^^ ^^^^^ 

detecting dimensional ^^^^ ^^.^^^^^^^ 

device arranged to sequentially provide a piurauxy .equentiaUy receive 

i^e comprising apluraUty of pixels, animageprocessor arrangedto seque 
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A determined the position of the object ftom each image 
^plu^ityofcap^edunagesandd.^^^ P 

by executing the method steps accordmg to the first pe ^ 
'ition comparator arranged to compare the detenmned posxton of 

CanddeLnnineifthedeterminedpositionchangesbetweennnag.s. 

. fifth aspect of the present invention there is provided a method of 
According to a fifth aspect n P the method comprising: providing 

determining the 3-dimensional coordmates . 

dine the feature; 

j„.„^ toe coordmates of the teatore m j^^BioMl 
^ toe aspeo. o, *e ^ 3nd 

„^es of U>e feature ^ven the det^med fea«re cocrdma 
„Wve positions of each image capture devoe. 

. <• *. „™seut iaventiou there is pro«<tel « °'' 
,0 a Sixth aspect of ^ ^^^in, „ least 

3-dimeusion^ charges m an , leas. 

^ ^ capture devices a. a >»wn ^ ^ ^ being captared a. 

^ images of dre ohject wid. each image c.p».*-=^ ^ 

. di^eren. t^e ^m one a^th. „ , toe pres«.. 

™toin each image in accordance v«th the m ^ ^ second 

devices; and companng the 3-dmaensionai p 

. ftheoresentuivention there is also provided a method of 

....^toecoordma^ofafea ^ 

i^e compns^ elation firncdon to detem^ne the coordinates 

^ pixe, evaluaang the correlation «mcdon a. a 

„,toe feature «itldn ^e ^'^^^J^ ^ „d coordinates and 
plurality of suh-puce ^'^^Z^^^^,,,^^^^^^- 
fittmg the plviraUty of values to a fiirther nmo 
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. . v,«..hv the coordinates corresponding to the taming point 
determine its turning point, whereby the cooromaw f 
p^vide the coordinates ofthe feature to withinsaidftactionofapixel. 

evaiuathig the correlation Action at s^pixei ^^^^^^^^^^^^^ 

— 

v*idi the values are fit are liKeiy lo dc a i 
estimate of the feature position. 

/■ „f,h. or each imagscaptuKdewce. capturing »sen« of urngMfim IK 
otvew of U.C o each '"^^ ^ ^ ^»d. 

image capture device and processing me 
and/or direction of movement of the or eachtarget. 

„c..o..c«...a..o„,.a^.o.^— - 

dc^ of accuse, f"" ,„^„„^^c.nb.mo^W. 
atcnastructurescanbtdcducedandttomajorloaaig „ud, 

P„ cample, — g ™>g ^J^'^^ „^ ^ Me of me 

^ can be coupled .os»c«™l.es^»^ „ ^ ..idual M^e Ufe 

, oo. Of .ec.^.00 Xt::^^o„m..la.ve 

available » me a^e. ^'^^ ^'^^^ sm^ - ^ «>»P'»* 

^p,aceme.« of differed ^ "^"^ „ ^ ™n.e„™ 

flight conuol system so .3 to prov.de feedback control 



loads. 
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^ .i.;na at least three targets to the second portion of 

theaiioraftstractuisatlmownielativeposmo „ „„h capture device, 

„ta«by*ep<.si«onando.en«Uonot«aid,eco.apo«onotfl..a«raft,..a.v 

each image cap"" device is d««»h«i by p«.cessi.g s«P- 

, . ftrtherta«etmaybeptovld.dmo«»<.dotftOEOr»lly<ffi»tftom 
Additionally, at least one further ta^e. ma, p ^ 5^ capt»« device. 

^ plane of the ofter targets withm d» sa-ne Add ^^^^r targe, due ,ob«*g of 
This has tl» advantage of magnifying the movemort of the further targe, d 

a„ MKraft structure to which it is attadied. 

~i™r mm be attached to the aircraft 
Aitematlveiy, ----"^^jj^:: .eld of view of an hnage 

Structure such that at least one of the targets is witm 
capture device when viewed through the mirror. 

. • n^avbearrangedtoautomaticallyidentifythetargetsasitemsof 

obscured from the view of the image captute device. 

, „f, he nresent invention tore is provided «! aircraft structure 
According to another aspect of the present mv 

monitoringapparatus compHshrg: -'--^"tltls^^^« --"^ » ^ 

„ a ^rtion Of » aircraft stn-ctu... 

secondporUonofthe aircraft struc««.wherebytoa.te^on^ 

.cwofdteatieastonein^e^d^vi^^-^-;-^ 

--^ 

Ad— ,thetargetma,.m.he^.a.U^--^^^ 
rr:rr°"sirr.r^aenceof.mbi.l...v.son.e 

accuracy of the monitoring apparatus. 
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.^1 r miiHe mav intercomiect the image capture 

lighting. 

or n,av execute any one of the methods of the aspects of the 

may alternatively be applied. 

J riw^ helow bv way of illustrative example 
Embodimentsofthepresentinventionaredescnbedbelow.by y 

only, ^th reference to the accompanying figures, of which: 

Pig.es la to ic illustrate the choice of nei^bouring p.els to the i^sition of the best 
mrhedpixelfor4.8and24neighbouringpixelsrespect.vely; 

•n . t tl,e effects of aliasing between a reference image and 
Figures 2a and 2b iUustrate the effects oi ai b 

comparison image; 
points about position of a best mached p«d; 

.^^..^■^^--^'-'---'-----•^'"'"'"^'^ 

of the present invention; 

embodiment of the present invention; 
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8.8. P^^sibl. defl^ao. o'ta,.,. «^ -cordis ^ 

the present invention; 

,a 9. y -P-^'^ effect of shear =«i 

bendii^ on a structure; 

>0 ..eou^ca.!, mu,»a.s *e aMUoa of a. o^e. »^ -o„^ " - 
embodiment of the present invention; and 

apparatus of Figure 7. 

..^UachemattcaUymuattatt. prior a«mett«»i of de«nBmi^*eCX.Y) 
Figurea la to 1» schemati >^ ^^^i^„fa„re,piredseeneB 

of a f^tore »tt>^ an a^ convene, to a 

captured usmg a conventional CCD (cbarge eo p on an image on a 

^ ^ .1. a eontpnter can n^nlpnlate ™ ' ^^^^ ^ 
connected compter ntonitor. — ^ 

^.at the nser wishes » n^nltor.^ "'^In corresponding to the 

pattem as^da,^ °" ^^,Z\. identiiicatlon of the 

Of each - — o'^:ict::":-p-— • 

position of featnres in a .deo s.re» " „ de^ of 

Ten.,a.e n^tehlng is P«'°-'^ "^"J^^"",!^ correlation ti^ctions nsed 

^cshnUari^^»-i»^-«P-;;"T'o^c^e correlation and Enchdean 
include Nonntfi^ G^yscal. Co.rela«,n 0^-^ 

Thn<je skiUed in the art wiU readily appreciate tne mu 
distance. Those sKiiiea m however NGC provides the 

f ««Ph of these functions. GeneraUy speaking however, jnvjv. p 
disadvantages of each ot these lunou ^u^:^^ such that the term 
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nc in the image. The correlation 

gnctioiiis«alu»l«lalanuniberof(X.Y)po nc Y) position of fte 

fetfmwifhintteinKig=tothen»i«tpixel. 

v nfftefea.metoth.neaiMtpixel.itssub-pixdposi'ioncanbo 

of Pi^ U eac. ^-^'^"^ of in^es, » .he nea^s. pixel. 

shad«l .cp^ 4 .^presenting .l>e pos-fon of H» fe^ 

^,„ei...-*..-a.*c.*ec^-»--^-^^^^ ^ ^ , 

s^nnd^ pnteis a« ^^^•^„„„,^,«^™ythenbee.dn.a.e. 

r=arrr:i;o.L..^o^-^^^^^ 

::pa™!tLin*esei.oted«^o..».ha.«»«.n«.oncanb.»olved. 

. ^i. ae_ for a .ood .p.»^- ^te-"^— !: 

^appUcations such as those proposed m ^^^^ p«i«„>o,e. the NGC 
^ove^ents of lar^ s^Cores. this « '''^•^^„^nce.o Figures 2a 
.,,„...sanadai«onai — .^-J^ ^^^^^ 
^2b. Ineaohofnp«s2aa»d2b,eachm^™ ^s is weU known. eaoh 

pixel may have a specSc greys^e ™1» y™^ ^^^^ ^ ^^.^^ 

white, in the example *o«n u. F,g^ ^^^"^^ J, comparison, 
,^e. Of the s«ne greyscale. --^ ^^^^^^l^ornnmher of pixels, then the 
-"-^-''-^".'rXrJlrJlh.an^ao.ma.o.. However, if the 

"*'^"""^r:"rrigern„mh,rofp.--..opa.- — 

comparison mi^e nas muvw 
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....e.— ^^^^ 

of i„»«s. do« ao. disrupt .he ab,bc- "['^J^J^ h^,. 
series of frames, the level and type ot err normalised 

UAowtheda,.pom«tt^»u8ht be c . random »rot. 

tt^ to discrepancy beween ac«al and «^ ^.^byta, 

and a a-steiMtic error represented by the deviMon 6 
,2. this being typical of the results of theNGC approadr. 

^eu^of^present — u^J.-J^^ 

0, the position oftl. reference fean« of mterest 

performed to boflrelinunate the sys.en,«hc«ror«.drefine.he^ 

ofthereferen^efca^reoflnteresttopvethem^dmumresoluhon. 
,.embodimen.aoftopresentin^on,thes.a.*.J.O^^^ 

:^:iT.:rbr2:hya.ac.o..par.of 

.prxel, such that the sum Of P ^ ^^on estimate is (xV„ yV.) 

sub-pixel posiUon is an integer v.l«. That » ■ ^ ^ ^ ^ 

Ure pixel array may ^ shi*ed by -V. a ^'^J^'Z^^.^^X^o.^ 
airection. AltemaUvely. «.e pixel array may be sh^^^l;^ ^^^^ 
4%apixelintheYdirecd<m. Usually the choice of dneenon of tr 
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. ^ the translation. It will also be appreciated that the 
16 initial pixd a«y. wWa 

DY as showa in Figure 4. The ^sample p iu^strated in 

a s«,.caie vai. c^»» ^^^^^^^^ ^ ^»a..d . *e ^ 

biaok or «hi.e « rema^ - ^ ^^,.1 position reca.c»la«d, 

position and i.sN »um.nndm8 -=^2. (DX, DY) of flie original .ub-pixel 

:::ir::r^^^--«-"---°^'-"'"*""^ 

sub-pixel estimate. 

b, oBng tto N ndglibouiing samples of 
A W»r improv^nen, in acc^ » "^'^l pil in».poWon. r«alonla.ed pixel 
^eco^lationiiMctionalsub-pixe, portion, "^'^^^na^d a. any valued 
be derived and ti>e ooneW» ^ 7,1^ i„ «bich ti» 4, 8 and24 
coordinate. This is V » TbeH^oad«tie» 

.speotive nei^V-ouring sampled poii«s 20 ^ « -^^^^^^^^ portions is 
Jeb «,e values otti,e oo-ds^on *n^on ^ N 

««ed .ay .tie, app.^ - -^•=^,^-:;„L,^,a._if 

°' — rot::.— 

~ fean^e °~ c«a» a single. Hgh resolution image 

^ ^„«n ,o ti,e --^r;^^' tima.es are aligned in complete re^stiation » 

™:rr:rLronprea».h.ti»a.i^^-=' — 
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. • nrnriiice a sinde, high resolution image, (i.e. 

any known Super Resolution technique, to produce a smgle, gn 

more pixels than any of the originals). 

. w tn venerate a high resolution representation of the feature. 

M^Upl. ima.es each ^ » s^P^^ ^ 

above the position of the feature is laiown wi ^oJctration 
. r ^ «„rh that the feature appears in complete registration 
Smnae*! can therefore be ahgned such tnat uie icaiui yy , \ ^ . 

„nagps can ther , ^..^^^i^tion version ofthe feature can then be calculated, 

throughout the image set. A high resolution v 

1 f«,t,,« can be made m the technique described in relation to 
Use of the high resolution feature can be maa ,^^^«ushed Hence the 

evaluation of the correlation function at the N feature also enables 

o+» =tiil The high resolution representation of the leaxuic m 

accompUshed to a higher accuracy. 

*a«e . only n^ginaa, ^ s^-^--- * - 

to us. of simple low pi>»l coun. «> "^-^ i^r^^ 

possible with much more costty high pixd coun. «met«^. 

..p„eessofs..e.al,yapp,,i.tose«<i^.^-^^^^ 

''"^ tl*irirr:!f .^1 camem .0 mo..o. to 
the systematic errors. These features ena ^ „ same level of 

3«.i„s o. den^Uo. in mee-cal «s« of m.«H.s o. — ^ •^^l.e. 
^curaoy as is possible wift »nv»*nsl meOtods of me«^ -eh as ex, 
strain gauges or LVDTs. 

u nH.o metrology equipment constituting an embodiment of 
Figure 6 schematically shows video metrology equip 
^ i« -70 bavins a visual target 24 marked thereon, is placea 

rr:rr4rrXe.„app.ya.ow..o^.-e,oa. 
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s»»pl= load data fiom TT» I-^^' " ' ^ ,^ „ 

p^». 32 and is arranged .o show capt^d or of * 

pxKesstogpaformedbytheprocessor. 

feat^e .o. a sequence -^- ^^^^^^^^^ ,.,^0.0. of the test 

positions allow any dimensional changes, such " ^^^^^ fj^ges received 

1 09 to be identified and measured very accurately. Hie sequence ot miag 
sample 22 to be identinea ^ separated m 

from the video camera 28 may be each video ftame. or may 

time as is appropriate. 

^ h« included within the equipment to allow manual 

A feature selector (not shown) may also be mcluded witmn feature 

^ ^ 4?**fltnre within an image to be maae. itx^ 

or automatic selection of an object or feature withm B 

superimposed on are unage d^lay ^ 
t:;processor32as«re„.jeCme^sWonofwM0M3»bed.«rm..>ei 

manufecture. 

u ♦ imorovement in resolution compared to the video 
^ — °7;*^XI^^.ree,nlvale..»«.oseo.*ed 
.ecology approaches "f^^^ ^ ^ ^ i^.<^ is no. UmiUd 

eonvendona. -'-^"^ «J^^^^^^^n«r.4>gs on sarnples, 

„ «pe=««W*— TBS f^n. of »g., geon,e«y and 
«im avoiding problems ymb applymg tergets. 
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, , tohetesteipermittingftdladvantagetobetakenofliie 
contrast aUows very smaU samples to be tested, pe 

scale insensitivity iidierent in video metrology. 

, . . ..an^Ucaticnofembodimentsofthepresentinventiondiscussedhereinis 
Whilst the basxcappUcaticn of ^^^^ ^^^^^^ 

the precision measurement of dmiensiona^ g 

mechanical tests (e—try, -^^^^ J^^^ ^cision 

monitoring o. civU ^^^^^^1^^^:^^ - — 
plac^^ent of articles such as m.cr^b.ps m ^ P^^^ more cameras so as 

human gait.and other sir^larapph^^^ A^^^ 

to be able to obtain precision movement data m twee 

potential fields of appUcation. 

app^ams « she™ m f ^ V„ ft. ft«d.g. B in>ag. « se. 

W „o, exclusively, grey scale be used bu. any s»l«b.e 

bi^ accuracy .dec pixels . 

po^ito ttaektag ucbnlq- could ako J^,,^. 
eonsKnlly dctenruned by to computer and converted 

,.useo,»o^e.per..«v».cala.bo.-^--;-^ 

. ^-.o--;'--;-^;:-— r^^olo^tolmaged-arge.^ 
™, is iUus^ated m 8a E J ^ 
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or twisting, of the fuselage. 

. ^-^^ ..hetween shear and bending and iUustrates how these 
Figures9aand9bshowthedifferencebetweenshear j^tHscasethe 

, u c«,««,ted Fieure 9a shows pure shear, m uns 
two defonnation modes can be separated. Figur 

iv 52 remain paraUel and the apparent distance between tneiw e 

verticallmes 50 and 52 remam par , Tn this case the vertical 

46. and 46" remains unchanged. Figure 9b shows pure bendmg. In this ^ 

,,.1 ,othedistancebetweenthetwotargetschanges. 
lines 50, 52 are no longer parallel, so the distance 

^ttply *. defonnation into to reaffly n««rd.lc range. 

^ ..n^ve wa. Of .pa-a^ o. s.^ ^^^^^^^^ 
^tiona,,a.,e.60a.a^»n.U«va^.^n»«-^^«^''- 

me sa^e plane a. «» »Se. « as ^^IZ^ M defonnation 
^tional »ge, 60 in .*e minor »oald only app»r » ^ 
^™„,d,=eoo.p.e«lyinsenslti«»P«re*earor.o,a.onaiaefcnna»ons. 

■ • ^ft««e may include auton,atie tarse. dcKctton «n»«on. .0 leacqnire 

a^ets lost, for example, by ^^^„,p^ding,ednndantd«a 
^ater number ot«rge«ti«n»o«o^dbeof>^^m ^ 

channels, and of linuting obscuration ^ pelage, or 

p.^edbae^robao^ln^re^-J--;'^^^^^ 
«a,in.«i*«rgeBa.each»dof*.8-l=^ . „^,„l,r„ s»i«ble fom. of «rg.t and 
of fte .ouliry of ti« deflections « *. cabm. ^ ^ ^^d as areas of 

- career is an Uluntin^ :::rMr:u:,iX.:urces can . utilised. 

— i-ce of .a ... Of .u^^^ - 
Such targe « .tinn However other suitable targets may also be used, for 
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• • identified by an exarnimtion Of the overaU Structural respond 

monitoring may be identitiea Dy an ciuu n , the fiiselaee to 

-1 to^tP-tQ tnav be mounted externally to the luseiage lo 
airftame. Equally, the cameras and targets may W moun 

provide similar data on vang. rudder or tail deflections. 

An alternative approach is to use a sealed monitoring unit, as also sho>vn in Fi^ 11^ 
An aiiemu rr , , . „^ H,ht sooroets) and minors into a sealed but 

•Ms mcoipoiates the eamaa(s), targets, Ught somcels, ^ ^i„fl,.™.„ 

flexible n*e 64 which can be mounted, for example, between Srselage Sames m to «rgo 

lobsc^ingtotargetsftomthecar^^-Mockouttoefi^ofchangesmamb.^.. 

lighting. 

:rresot:io!t::tJo.005phte,s«.as«e.arge. — 
lera wU, have a. image field of more than 500 pixel., giving a resolutron of 1 par. m 

100,000. 

^--^T:;r;r::nrrr=:^rra 

:i:r:ua:::2.ons of .arge.. .hatcanbe det^ .re of ^ 
T , L It the initial dis««ce bet«.«. two .arg^s is 50mm within that muge field 
r : ZlTllfion h. the tor^onal sense that can be d«^ ^^^^ 
^loflor^ of 0.002. Poractangoinangle^the^rucal plane ofO., .d^ 
^ ..e apparel Change in distance between t™ targets 50mm apart, less th^ 

^.r^Hch isl resoluble. Hov«ver. , a second targe, set is mooted as s^wnm 
Fi^',0(ieri^dl,norm.l.otb.»on«h,gpoin.ofdrefirs.setwithadnnens.onalofiset 

I^Z, 1 an of 50»n. then *e apparent moveme« of that target ts more 
13 readily resoivabl. The ctange in an^e fiom to ver«cal plane .s 
"atorelafionshipbe^^tot^oa^-getsetsandananguUr— 
rX „,„.«^isaohiev*le. changes in the ofiet distance may he used to regulate 
T^Z. ,t Should be noted... to of^a^d not be achieved With phystcal 
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spotbei^guken^metarge.. ,hi. case 0« offl.. oould be »s ^ a. r.^ 



offset 



By vi^ng a .a^get with two or mo« camera, *e positfon of ttre «rge. caa be B«a»ed in 
3D r4 clera . suMcien. „ *e 3D po.Uon and oH«.a«oa of an ob,eo. 

that has 3 or more targets attached. 

Por any parttc^ air6a«e «.e «axu»m *.c««l defleeUo.. «o»ld ^ 
JLZ^g«.edeslgoa.ds»c«.alan*»s»^.pp.opHa«ly,ized.arge.s,™g^ 
■ntenogatmg th ^ jrflecdom are subsMSdly greater to ftselag. 

and lens systems determmea. wmg ucucvui _ . tVi^ 

^ecdo J However, this would no. ^ basic approach, merely <^ 

^^m^ lens systen. to provide an appropriately scaled target in^ field ^ 
data acquired by the ga.^ system can be interrogated by ^P-- 
^ sy^ and events that exceeded a predetermined level or levds logged. U. 
ZTloLgs on the specitic air<^. can be monitor^ ^ ^ 
rd,modelsof*edesignfatigueli.ofd»air.^.ands.n^->ys^— ^ 
tospecdon intervals detennined. Additi^y. very severe events « M o«s.de to 
designenvelope can be insUnUy de.««d to trigger r»nedial actions. 
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_j- rtf fl feature within an image, tbe image 
1 A method of detennining the «xK)rdmates of a feature wi 
comprisingapluraU^ofpixels,themethodcompnsing: 

determining an estimate of the coordinates of the feature to wrthm a ft 

'"Isla^thefeaturesuchthat^e^of^epixeiftactionoftheiniti^ 

jr^arof^— toderiveare^edes^teo^ 
. . .e.od according to claim 1, wherein the «rst and second determining steps 
""^iliatingtheimagefeatureandimageusinga 

,,,rlIecoord.atesofthefeature.t^.e^age.^ ^ 

evaluating the correlation Action at V^^^ Ip^^ values to a 
nei^bourhood of the determined coordinates and fittmg the plurality 

tother function; and ^ t«™ine its turning point, whereby the 

differentiating the further function to determme ^ ^"^^^L of the feature to 
coordinates cor^sponding to the tunnngpoint prov.de the coordmates of 

within a said fraction of a pixel. 
,. ^ ^ » Cain. 2. »tae<n ^ ^on ..Con . — « > 
pluraUty of sub-pixel positions. 

te a„ daemted coottotes to tie pixel posiOons. 

J- Ma;«i the method further comprising: 
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^^^^ 

"TUposins said first and .^e. in^ge sue. that said fea^e is substantiaUy in 

'^C^^sTU Resoiution .ec^^e . said superposed in..es. w.e.W an 
increased resolution representation of said feature is produced. 
, ..et.odaccordingtoanyoneofclairns2to4,whereinsaidpredetern^ed^^^^^^ 
■ toctioncomprisesanormaHsedgreyscalecorrelationfimction. 

A- to ««v receding claim, wherein the translating step, second 
7 A method according to any prececung , 
" determimngstepandsummingstepaierepeatedatleastonce. 

changes. 

an image ptooessor immged to receive me p ,,..,,„, 

lo Claim 9 tefhet comprisiiig a momtot ammged to 
,O.P«WontagaPPar*.s accordmg to ^''^^ . j^^^^ select »• 
^veanddisplayftecap^redimagea^obje^sel^ to .he image 

object »ithin tl« displayed image and ident*- the adeeted , 

processor. 
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eacompassing an object, each image comprising a pluraUty of pixels; 

animage processor arranged to sequentiany receive the plurality of captu^ 
and determine the position of theobject from eachimage by executing themethod steps 

of any one of claims 1 to 7; and 

. posidon .omp=ra.or arranged .o compare detemm^d Vo^oa otte *,«=. for 
each ta^e and determme if the d«enm»dpositi<m«tog« between 

,2.Measu.»«>. apparat^ a-ording to claim U fWher ananged to detennine the 

Magnitude and/or direction of the detemtol change to position. 
„.A meftod of detennining the 3^»-l coordinates of a feature, fte meUrod 

"""^ng a. le^t two hnage caph« devices each arranged to oaphrre an image 

including the feature; 

jc,^ the portion of each of said image capture devices v„* respect to one 

""^Ltoing the coordinates ofthefea^e within each image in accordan^^ 
^ any one of Cauns 1 to 7, and cdculating the 3 -dimension^ coo^ta^ . 
^ ^ given the detennined feamre coordh^tes in each image ».d t^ det»mmed 
retadve positions of each image c<5>tnre device. 
U Amethod of measuring B^ensionaicha^sesinanobjec the methodcon^: 

providing a. ieas. two image cap^ devices a. a ^own spatial relationship to on. 

"■"^Lring at least two images of *e object with each unage cphire device, the o»o 
hnagesbeingcapturedat.dlfferentdmefromoneanotha-. ^ . „ :„ 

Lrmining the 2-dim««lonal position of the objec. witbm each nnage m 
accordancewiththemethodofanyoneofdalm3lto7; 

cdcvaatog the 3-dimensional posidon of the o«ect iiom first and s«ond 
i^es ftom the 2^ensiond portion and ^.tial relationship of the image capMr. 

devices; and ^ i t. ^ 

comparing the 3-dimensional positions to determine any dimensional changes. 
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,5 Po^Uon appara^s according .0 cUim coo^^ a. l«s, «-h« imag. 

in nnaga receive f<» of «.e image captu« d«xc« and. ^ 4. kno™ 

3Klimensional position of the object. 

16 Mea»en»n. apparaWs a«ordmg » cU^ n or 12. fur*« comprising a. leas, one 
^ta^ c^ device a. a .=no«n spa^al reiaUon^i^P .0 « nnage «P»e 
^ce. andwheL*» imaseproc^^ris*^ ar-gedw de^rn^^PP^^^^^^^ 
1 ol^ec. in .be image received f^ each of U» image capUne dev.c« an* ^ven ^ 
Zl spaaa. reiauonabip of ..e image cap^ devices. *e,eb, de«ng ^ 
3.dimensional position of the object 

,7 A me««d of de^nnining coonBna^s of a fean^e v.i.inn an irnaga » « 
t:onofapixel..^im^eomprisingapi»raii.ofpi.e.,.e.e«»d— 

corr^iaang *e image and image nsing a predetennmed coneW^n^^^^ 

.ode^rminetocoordina^soffceftamrewidnnme image «>*en.^P«el 

evdn^ing ^ correlation flmcUon a. a piurali., of sub-pixe. poamon^ m 

"^l^Xle «ber «^.on .o de«„n.e i. ma^mn, 

copending .0 d,e n^nm provide ^ c«ordin«e, of d» » 
vwthin said fraction of a pixel. 

,8 A nreibod of monitoring ^^^^ ^ °' 

anlb^g one or more image capm«a devices » a «ra. por«on of an 
~ on. or more «rge.s .0 a second portion of Ure aircraft s^cnne. or each 

"brg v.d^ Ma Of View Of d» or each image cap^re device. ^'P""^ 
21 of ilges ftom *. or each image eapti^ device and pn>cessmg *e capti^d 
:::;:„deline,bema^ti>dea.d/«directionofmovemen.ofti>eoreaeb»rget 

„ A med^d according ,0 claim 18, wherein said meflrod comprises anadnng a, ^ 
lr«eU.o.hesec»>dportionofd.airc.aftstiucmrea.,=nownre.ativepos.tions,o 
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«>e or each image ^ device. »l»reby tt« posi«oa and on««a»oa of ,a,d 
^dporttooof.heair»aftrela«ve»««oreachim.g.e.pu,redevie.«d=»nm«d 

by said processing step. 

20 A meU-od accorfing .o IS or 19. ^ or at leas, one of *e targe., i. 
lK.gonaUyoae.ftom.>.plan.of««secondporUon„f«rerafts«uc»e»v.ta* 

is attached. 

2, A me^od according .odaim 18 or 19. where, a reflecUve .urftce is *^edJo J» 

airoafts^ctcre »ch a. leas. o» of said .arge. is ^^^^ 
,eas.oneofsaidimagecap«redevices„heaviewed««ongh.a.dr^s««c«re. 

2a. A »e«,od according .o an, one of cMn. 18 .0 21. «i»rein .he or each hna^ 
deviceUarranged.oau»mattcallyid».tiiy.heor.ach,arge.asan..emofm«r«t 

* -.io;«c 1R to 22 wherein tiie processing step 

23. A method according to any one of claims 18 to 22, wn 

comprises the method of any one of claims 1 to 8. 13. 14 or 17. 

1 • 10 wherein the aircraft structure 

24. A method according to any one of clamis 18 to 23. wherem tne 

comprises a portion of a wing, empennage or fuselage. 

25 An aircraft structure monitoring apparatus comprising: 

Ileast one image capture device arranged to be attached to a first portion of an 



aircraft structure; ,^4^*1,^ aiVrraft 

a. leas, one »ge. arranged «, be a«.ched .0 a second porUon of to 

whereby to a. leas, one .arge. is wiUnn to field of view of to « leas, one 



ta«,e cap.ure device ^ process said .««iv.d images <o de«n^ to m.gm.»l. 
and/or directton of movemen. of to a. leas, one Brge.. 

26. An aircraft s-ucnrre moni«ing appar.-^ accord^S » «■ "^'l^X";: 
to. tetor «ge. U ammgrf in a plane ortogonaUy offse. 6om to 

plane to which to at leas, one Brge. is arranged to be attached. 
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..ratus according to claim 25, vvherein a reflective 
27. An aircraft structure monitoru^ apparatus a^o g ^^^^ 
A attached to the second poraon ux ^ 
element is arranged to be attach^ 

that said at least one target is within the field of vie 
devicewhenviewedtbroughsaidreflectivesurface. 

A' * ^lo^m 9S 76 or 27, wherein said 
A'.^n to anv one of claims 25 to 28, 

illumination. 

comprising aplurahty of image capiux 
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